BACKGROUND/OBJECTIVES: It is unknown if wine, beer and spirit intake lead to a similar association with diabetes. We studied the association between alcoholic beverage preference and type 2 diabetes incidence in persons who reported to consume alcohol. SUBJECTS/METHODS: Ten European cohort studies from the Consortium on Health and Ageing: Network of Cohorts in Europe and the United States were included, comprising participant data of 62 458 adults who reported alcohol consumption at baseline. Diabetes incidence was based on documented and/or self-reported diagnosis during follow-up. Preference was defined when ⩾ 70% of total alcohol consumed was either beer, wine or spirits. Adjusted hazard ratios (HRs) were computed using Cox proportional hazard regression. Single-cohort HRs were pooled by random-effects meta-analysis. RESULTS: Beer, wine or spirit preference was not related to diabetes risk compared with having no preference. The pooled HRs were HR 1.06 (95% confidence interval (CI) 0.93, 1.20) for beer, HR 0.99 (95% CI 0.88, 1.11) for wine, and HR 1.19 (95% CI 0.97, 1.46) for spirit preference. Absolute wine intake, adjusted for total alcohol, was associated with a lower diabetes risk: pooled HR per 6 g/day was 0.96 (95% CI 0.93, 0.99). A spirit preference was related to a higher diabetes risk in those with a higher body mass index, in men and women separately, but not after excluding persons with prevalent diseases. CONCLUSIONS: This large individual-level meta-analysis among persons who reported alcohol consumption revealed that the preference for beer, wine, and spirits was similarly associated with diabetes incidence compared with having no preference.
INTRODUCTION
Diabetes mellitus is the fourth to fifth leading cause of death in most high-income countries. 1 In 2014, the International Diabetes Federation estimated the prevalence at 7.9% in Europe. 1 Two systematic reviews and meta-analyses, including 20 and 26 cohort studies each, revealed a nonlinear U-shaped relationship between alcohol consumption and type 2 diabetes incidence in both men and women. 2, 3 The protective effect of alcohol consumption was largest with light-to-moderate consumption. Higher levels of ethanol consumption were not associated with diabetes or were associated with a higher risk. 2, 3 On the other hand, a more recent meta-analysis of 38 studies concluded these risk reductions might have been overestimated by including less healthy former consumers in the reference group. 4 Moreover, the protective association might be confined to women and non-Asian populations only. 4 Further research has indicated that the associations between alcohol and diabetes might be beverage-specific. A recent systematic review and meta-analysis of 13 prospective studies showed a strong protective association for wine consumption and type 2 diabetes, while for beer or spirits only a slight trend of a protective association was observed. 5 Within the European 1 Prospective Investigation into Cancer and Nutrition (EPIC) -InterAct Study, moderate alcohol consumption was also related to a lower diabetes risk, in particular the consumption of red wine. 6 It was suggested that the association between alcohol and diabetes was likely to be explained by ethanol itself. Indeed, intervention studies have shown that alcohol increases levels of high-density lipoprotein cholesterol, apoliprotein A1, and adiponectin, and reduces fibrinogen, fasting insulin and HbA 1c concentrations. 7, 8 Hence, the observed differences in association between wine, beer and spirits and health outcomes might be due to sociodemographic and lifestyle factors associated with the preference and consumption of these beverages. 9, 10 However, differential effects of beer and wine on the glycemic response, as expressed by their glycemic index, have also been observed. Beer induces a higher glucose response than wine, which may be related to the development of diabetes. 11, 12 Furthermore, due to its higher polyphenol content, red wine may exert additional benefits including reduction of blood pressure and inflammation and improving endothelial function. 13 Alcohol consumption is a complex exposure that can be characterized in different ways: the absolute amount; the drinking frequency; and the beverage type. It is statistically difficult to distinguish between the overall alcohol effect and the specific effects of beer, wine and spirits in observational studies. 14 We aimed to disentangle beverage-specific effects, independent of those from the absolute ethanol consumption, by studying the association between alcoholic beverage consumption and preference and type 2 diabetes incidence. This was done by performing a meta-analysis of harmonized individual participant data from several European cohorts including a large proportion of elderly participants. Because this study focused on the type of alcoholic beverage, the analyses were restricted to persons who reported alcohol consumption. Moreover, because the consumption of wine, beer or spirits is mainly determined by factors including age, sex, socio-economic status, country and lifestyle, these variables will be taken as much as possible into account in the analyses to strengthen potentially causal inference.
SUBJECTS AND METHODS

Study design and population
The Consortium on Health and Ageing: Network of Cohorts in Europe and the United States (CHANCES) project is a coordinated multi-country study which aims to harmonize data from ongoing prospective cohort studies in Europe and the USA in order to produce evidence on ageing-related health characteristics and on determinants of healthy ageing among the elderly in these countries. 15 The CHANCES project includes cohorts from 14 studies across Europe and the USA. In most CHANCES cohorts, elderly are defined as those who were 60 years or older at recruitment. The CHANCES project as a whole has received ethical approval by the Hellenic Health Foundation Committee on Bioethics. In the individual cohorts, all participants signed informed consent for the original studies.The authors of this study did not have any access to personal information regarding the participants included in this paper. All data that have been analyzed are based on the CHANCES harmonized variables and are completely anonymized. For the present study, the following 10 European cohorts were eligible for analysis: the Zutphen Elderly Study (the Netherlands); 16 Rotterdam Study (the Netherlands); 17 the study centers in the Netherlands, Greece and Sweden from the European Prospective Investigation into Cancer and Nutrition (EPIC)-Elderly study; 18 the Tromsø Study (Norway); 19 the Epidemiological Study on Chances for Prevention, Early Detection and Optimized THERapy of Chronic Diseases at Old Age (ESTHER) study (Germany); 20 and from the MOnica Risk, Genetics, Archiving and Monograph (MORGAM) study, the cohorts of FINRISK (Finland), Northern Sweden (Sweden) and MOLI-SANI (Italy). 21, 22 An extensive overview of the cohorts included in the CHANCES project and data assessment has been published elsewhere. 23 Table 1 displays the main characteristics of the included ten cohorts and participants.
Within the cohorts that were eligible for the present study, analyses were conducted upon all subjects who reported to consume alcohol, without any missing data on alcohol and followed up for diabetes incidence. Subjects with self-reported or independently ascertained prevalent diabetes at baseline or with missing information on prevalent diabetes at baseline were excluded from analysis. Supplementary Figure 1 shows the participant flow-charts of the 10 included cohorts, comprising a total sample size of 63 458.
Data assessment and harmonization
Data in the CHANCES project have been collected within the framework of independent cohort studies, with different protocols for data collection and distinct original research foci. Data harmonization was a major task of the project and the data harmonization and conversion rules of the CHANCES project have been described elsewhere. 23 Alcoholic consumption and beverage preference Baseline alcohol data were recorded either by self-administered or interview-based questionnaires. The EPIC-Elderly and Rotterdam Study applied a validated food frequency questionnaire 17, 24, 25 to assess alcohol intake. The Zutphen Elderly Study used a validated dietary history method to assess diet including alcohol. 16 The Tromsø Study, the ESTHER study and MORGAM cohorts derived alcohol consumption from a general questionnaire. In the FINRISK Study, alcohol consumption during the previous week was assessed. If not already defined, average daily alcohol consumption in grams was estimated by adding the amounts of ethanol found in each standard drink or cohort-specific size for beer, wine and spirits. To ensure comparability across cohorts, a conversion rule was applied using standardized portion sizes (330 ml for a bottle of beer, 175 ml for a glass of wine and 25 ml for a shot of spirit) and alcohol percentages in beer (4.5%), wine (12%) and spirits (37.5%).
As defined in previous studies, a person was classified as having a preference for beer, wine or spirits, when the alcohol consumption from the respective drink comprised 70% or more of the total alcohol consumption in grams per day. When the average alcohol consumption from beer, wine or spirits did not add up to 70% of the total alcohol consumption, a person was classified as having no preference. 26, 27 To assess robustness of this definition, a sensitivity analysis was performed using a cutoff of 50%. Associations between the preference for beer, wine or spirits and diabetes incidence compared with having no specific preference was assessed. Non-consumers, comprising never and former consumers, were not included in the analyses.
Next, the association between average daily intake from beer, wine and spirits and diabetes incidence was studied. The absolute intakes of beer, wine and spirits were adjusted for total alcohol consumption by the residual method. 28 In this procedure, intakes of the respective beverage were regressed upon their total alcohol consumption and the residuals from the regression were used in the analysis. These residuals represent the differences between each individual's actual intake and the intake predicted by their total alcohol consumption. Because residuals, by definition, have a mean of zero, a constant representing the mean intake in each population was added to every value to reflect actual consumption values. 28 The beer, wine and spirit residuals are uncorrelated with total alcohol consumption and this allows variation due to the intake of beer, wine and spirits to be evaluated directly. The beer, wine and spirit residuals were analyzed in tertiles and per 6 g per day.
Information on drinking patterns, that is, consumption frequency, was not available for all cohorts. Sensitivity analyses were performed adjusting the associations additionally for frequency of consumption (less than once a week, 1-2, 3-5 a 6-7 days per week) in the Tromsø Study, ESTHER and MORGAM.
Diabetes ascertainment
Diabetes incidence was based on documented or self-reported type 2 diabetes during follow-up or based on fasting glucose measures, depending on the available options within the cohorts shown in Table 1 .
Covariate assessment
Socio-demographic, lifestyle and disease history data were assessed by self-administered questionnaires or in interviews. Weight and height were either measured or self-reported, and blood samples were drawn to determine total and high-density lipoprotein cholesterol. Diet quality was Alcoholic beverage preference and diabetes in Europe D Sluik et al Table 1 . Alcoholic beverage preference and diabetes in Europe D Sluik et al assessed with the Healthy Diet Indicator (HDI) as developed by Jankovic et al. 29 The HDI score reflects adherence to the 2003 WHO dietary guidelines. The score ranges from 0 to 70 points and includes six nutrients (saturated fatty acids, polyunsaturated fatty acids, mono-and disaccharides, protein, cholesterol and dietary fiber) and one food group (fruit and vegetables) of the 14 WHO guideline goals, which were available for the cohorts providing nutrition data. 29 Dietary intake data to calculate the HDI score were available for the Zutphen Elderly Study, Rotterdam Study and EPIC-Elderly. Self-reported physical activity was assessed by questionnaires in the Zutphen Elderly Study, Rotterdam Study, EPIC-Elderly the Netherlands and Greece and ESTHER.
Statistical analysis
The statistical analyses were performed using SAS, version 9.3, software (SAS Institute, Cary, NC, USA). Hazard ratios (HRs) and 95% confidence intervals (CIs) for diabetes were calculated using Cox proportional hazard regression. The proportional hazard assumption was tested and not violated. Missing values for any of the covariates were imputed using the multiple imputation method, in which all variables included in the statistical models were included in the procedure. For each cohort, five duplicate data sets were produced and after statistical inference on the duplicate data sets, pooled estimates were calculated with the SAS procedure MIANALYZE. 30 In Model 1, HRs were adjusted for sociodemographic factors: age (continuous; years), gender (not applicable for the Zutphen Elderly Study, which is composed only of men), education (categorical: primary or less (low), more than primary but less than college or university (middle), college or university (high)), employment status (categorical: full-time or part-time employment and not of pensionable age, self-employed, housewife and not of pensionable age, pensionable age and still working, pensionable age and not working, stopped work before retirement age due to poor health, unemployed and not of pensionable age; not applicable for SENECA and the Zutphen Elderly Study, where only retired subjects are included) and prevalent coronary heart disease (yes/no) or cancer (yes/no). Model 2 was additionally adjusted for the lifestyle factors: smoking status (categorical: never, former and current); sports activity (continuous: hours per week; physical activity data were not available for EPIC-Elderly Sweden, the Tromsø Study and MORGAM; total physical activity was used in the Rotterdam Study) and HDI score (continuous; dietary intake data to generate the HDI score was not available for ESTHER, the Tromsø Study, and MORGAM).
Because the definition of alcoholic beverage preference is not based upon absolute alcohol consumption, persons with a beer preference might, for instance, have a higher absolute alcohol intake than persons with a wine preference. Thus, total alcohol consumption might be a confounding factor. Due to the U-shaped relationship between total alcohol and diabetes, 2,3 additional adjustment for absolute alcohol consumption (g/day) was evaluated using fractional polynomials where the best-fit regression model was selected with the SAS Macro 'Multivariable Fractional Polynomials'. 31 This macro uses an algorithm to determines the inclusion and transformation of continuous covariates while taking into account their nonlinearity. In a stepwise approach, the algorithm constructs a fractional polynomial transformation for the continuous covariate. Backward elimination selects the best transformation of the covariate, for example, linear, first degree or second degree. Depending on the P-values associated with the best transformations, covariates may be eliminated from the model. In all cohorts, absolute alcohol consumption was omitted from the best fit model. Because the residuals of beer, wine and spirit consumption are uncorrelated with total alcohol intake, these HR were not adjusted for total alcohol.
Adjustment model 3 was additionally adjusted for body mass index (BMI; linearly or second degree; kg/m 2 ); this adjustment for BMI was also evaluated using fractional polynomials. BMI was omitted from the best fit model in the Zutphen Elderly Study, included as a second-degree variable in ESTHER and FINRISK, and included linearly in the remaining cohorts. BMI is not only one of the most important risk factors for diabetes but also is on a possible causal pathway between alcohol consumption and diabetes. Therefore, crude and adjusted BMI across alcoholic beverage preference categories was estimated with multiple linear regression. To investigate effect modification by BMI, stratified analyses were performed on persons with a BMI o25 and ⩾ 25 kg/m 2 and the P-value for interaction was checked after including a product term in the regression models. Furthermore, stratified analyses were performed for men and women separately to check for potential effect modification. Finally, subjects with prevalent coronary heart disease or cancer at baseline or a follow-up less than 2 years were excluded in a sensitivity analysis.
Cohort-specific HR estimates and 95% CIs for diabetes incidence from having a beer, wine or spirit preference compared with no preference and for a beer, wine or spirit consumption (per 6 g/day) were pooled in metaanalyses, using adjustment model 3. Inverse variance weighting was applied to give the largest weight to the study with the lowest variance. The random-effects model takes into account the between-study variance and the within-study variance. Heterogeneity between studies was assessed by the Q-statistic and the I 2 index. I 2 was calculated as I 2 = ((Q -df)/Q)*100, where 'df' stands for degrees of freedom, that is, total number of studies (k) minus 1. Random-effects meta-analyses with inverse variance weighting were performed using the R package 'meta' (R version 3.3.1, R Foundation for Statistical Computing, Vienna, Austria). Statistical tests were two-sided and P-values o0.05 were considered statistically significant.
RESULTS
In most cohorts, persons with a wine preference constituted the largest group, ranging from 44% in ESTHER (Germany) to 79% in MOLI-SANI (Italy) (Supplementary Table 1 ). In EPIC-Elderly Sweden, the Tromsø Study, FINRISK and Northern-Sweden persons with no preference formed the largest group and in the Zutphen Elderly Study (the Netherlands), persons with a spirit preference comprised the largest group, that is, 62%. Across all cohorts, those who preferred wine were relatively more highly educated and were more likely to be a never smoker, and female. Furthermore, those with a beer or spirit preference were more likely to be male and current smoker. Persons with no specific preference generally had the highest absolute alcohol consumption. After adjustment for age, sex, education, employment, prevalent diseases, smoking, alcohol, sports activity, diet, BMI was lowest among those with a beer or wine preference and BMI was highest among persons with a spirit preference (Supplementary Table 1 ).
The pooled HRs from the random-effects meta-analyses showed no significant association between having a preference for beer, wine or spirits and diabetes incidence compared with having no specific preference after adjustment for age, sex, education, prevalent diseases, lifestyle factors and BMI (Figures 1-3 ). Pooled HR was 1.06 (95% CI 0.93, 1.20) for a beer preference, HR 0.99 (95% CI 0.88, 1.11) for a wine preference, and HR 1.19 (95% CI 0.97, 1.46) for having a spirit preference. On the basis of the I 2 index and the Q-statistic, between-study heterogeneity was observed for the effect estimates of having a spirit preference.
Separate HRs and 95% CIs for the associations between a beer, wine, or spirits and diabetes incidence according to the different levels of adjustment are shown in Supplementary Table 1 . Compared with persons with no preference, a preference for beer, wine or spirits was in most cohorts not significantly associated with diabetes incidence. In the Rotterdam Study, beer or spirit preference had a significant association with a higher diabetes incidence. In EPIC-Elderly Greece, having a wine preference tended to be associated with a lower diabetes incidence. Within the cohorts, additional adjustment for BMI (Model 3) had mixed, but small effects on the observed associations.
The pooled HR for the association between alcohol preference and incident diabetes among sub-groups and with additional adjustments are shown in Table 2 . Diabetes risk among persons with a spirit preference was higher in those with a higher BMI, in men and in women, but not after excluding persons with prevalent diseases. Excluding persons with prevalent diseases yielded similar results to the findings including those persons. P-values for interaction by BMI were not significant for all cohorts and did not therefore give indication for effect modification. Furthermore, additional adjustment for consumption frequency Alcoholic beverage preference and diabetes in Europe D Sluik et al and alternative analysis using 50% as a cutoff in the definition of preference showed similar associations. In addition, the association between the residuals of beer, wine and spirit intake per 6 g/day and diabetes incidence was assessed (Figures 4-6 ). Pooled HR was 1.03 (95% CI 0.99, 1.06) per 6 grams of beer intake, HR 0.96 (95% CI 0.93, 0.99) per 6 g of wine intake and HR 1.02 (95% CI 0.98, 1.06) per 6 g of spirit intake. Cohortspecific HR according to tertiles and per 6 g/day generally showed similar associations (Supplementary Table 2) .
DISCUSSION
This meta-analysis of individual participant data from 10 prospective European cohorts comprising~60 000 adults who reported at least some alcohol consumption showed that a preference for beer, wine or spirits was not associated with a lower or higher diabetes risk compared with having no specific preference, taking into account several socio-demographic and lifestyle variables.
To our knowledge, no other studies have investigated the association between alcoholic beverage 'preference' and diabetes risk. However, a number of observational studies have assessed associations of absolute beverage-specific 'consumption' and diabetes, showing inconsistent results. Among 36 527 Australian adults, Hodge et al. 32 observed an inverse association between wine consumption and risk of type 2 diabetes, but not for beer or spirits. In the EPIC-InterAct Study, a prospective case-cohort study of 16 154 participants and 12 403 incident diabetes cases, consumption of wine and fortified wine were most strongly related with a reduced diabetes risk. 6 Moreover, compared with a light consumption, men who did not consume beer had a reduced risk of diabetes in the EPIC-InterAct Study: HR 0.84 (95% CI 0.74, 0.95) and in women higher spirit consumption was associated with an higher diabetes risk (P-trend 0.044). Fagherazzi et al. 33 observed an inverse association between wine consumption and diabetes risk when compared with other types of alcoholic beverage among 66 485 women from the French E3N-EPIC cohort. In contrast, Conigrave et al., 34 did not find a protective effect of red wine on diabetes risk among 46 892 US male health Figure 2 . Forest plot with pooled HR and 95% CIs for the association between wine preference and diabetes incidence compared with having no preference adjusted for age, sex, education, employment status, prevalent coronary heart disease and cancer, smoking status, physical activity (if available), Healthy Diet Indicator score (if available) and BMI. Figure 1 . Forest plot with pooled HRs and 95% CIs for the association between beer preference and diabetes incidence compared with having no preference adjusted for age, sex, education, employment status, prevalent coronary heart disease and cancer, smoking status, physical activity (if available), Healthy Diet Indicator score (if available) and BMI. professionals, whereas inverse associations for beer, spirits and white wine were similar and independent. Moreover, two other studies in large US cohorts also did not observe a specific protective effect of wine consumption on diabetes risk compared with beer or spirit consumption. 35, 36 In their meta-analysis of 13 prospective studies, Huang et al. 5 presented a pooled RR of 0.85 (95% CI 0.80-0.89) for wine consumption, and RR 0.96 (95% CI 0.92, 1.00) for beer consumption and RR 0.95 (95% CI 0.89-1.03) for spirit consumption and type 2 diabetes risk compared with no or rare alcohol consumption. In the present study, the pooled HR for residuals of beer, wine and spirit intake showed similar results: a higher wine intake was related to a lower diabetes risk, even after fully taking into account total alcohol consumption. This further confirms the consistent finding that constituents other than ethanol in red wine may exert additional health benefits. 13 Several other studies have found differential effects for the type of alcoholic beverage and diabetes risk, with a stronger beneficial association for wine consumption compared with abstinence. These observations could either be explained by a true beneficial effect of wine compared with beer and spirits, or by an artifact arising from residual confounding. Firstly, a true differential effect for beer, wine and spirits and diabetes incidence might be caused by beneficial compounds other than ethanol in particular those found in wine. For example, a randomized controlled cross-over trial in 67 men at high cardiovascular risk showed that red wine rich in polyphenols with or without alcohol-improved glucose metabolism. 37 This was not confirmed in our study, where we have found no additional beneficial association for having a wine preference compared with having no preference. Secondly, the observation might be an artifact caused by confounding factors associated with the type of alcoholic beverage consumed. Indeed, the choice of alcoholic beverage is associated with a wide range of cultural, socio-demographic and lifestyle factors, 9,38 which may confound the association between alcohol and diabetes risk. Moreover, other important determinants of diabetes risk including age, gender, smoking status and overall drinking patterns differ across alcoholic beverage preference and study populations. 10 Therefore, we have adjusted the associations for age, gender, socio-economic status and lifestyle factors including absolute alcohol consumption and BMI. However, we cannot exclude any residual confounding as a result of unmeasured or imprecisely measured confounders. Lastly, in previous studies there is a tendency to find an association for the alcoholic beverage that is most consumed. In the above mentioned studies into beverage type and diabetes risk, most of the alcohol was consumed as wine. 6, 32, 33 In our study, 10 cohorts from seven European countries were included with varying preferences, suggesting this might have less influence on our findings and provided a wider insight into alcohol preference across Europe.
We observed a tendency toward a higher diabetes risk among persons with a spirit preference compared with those having no specific preference among men and women when analyzed Figure 3 . Forest plot with pooled HRs and 95% CIs for the association between spirit preference and diabetes incidence compared with having no preference adjusted for age, sex, education, employment status, prevalent coronary heart disease and cancer, smoking status, physical activity (if available), Healthy Diet Indicator score (if available) and BMI. Table 2 . Pooled hazard ratios (95% CI) from random-effects meta-analyses for the association between having a beer, wine or spirit preference compared with having no preference according to sub-groups and additional analyses Defined as persons with prevalent heart disease or cancer or a follow-up ⩽ 2 years.
Alcoholic beverage preference and diabetes in Europe D Sluik et al separately and those with a higher BMI. This was also seen within EPIC-InterAct. 6 Cross-sectional studies have shown that a spirit preference is associated with an unhealthier lifestyle: persons who preferred spirits have been shown to have a higher BMI, are more likely to be smokers and display unhealthier diet. Furthermore, spirits may be more often used for heavy binge drinking compared with wine. 9, 10 In the present study, we could only take consumption frequency into account in a subset of five cohorts. Furthermore, the association was attenuated when excluding persons with prevalent diseases or a short follow-up, indicating that some degree of reverse causation might be present. Finally, we were not able to take diet and physical activity into account in all cohorts.
To avoid any bias by the inclusion of former drinkers, the current analysis was restricted to persons who reported some alcohol consumption. Furthermore, persons with no specific preference, that is, mixed drinkers, were used as a reference. Most other observational studies have used non-consumers as a reference; however, this has been contested. Non-consumers are in general a heterogeneous group comprising lifetime abstainers and former drinkers. In many high-income countries, lifetime abstinence of alcohol is not normative and this group differs from alcohol consumers in other health determinants. 39 Moreover, former drinkers may have quit because of ill health arising from their former (heavy) alcohol use. As a result, these individuals are more vulnerable for morbidity and mortality and their ill health may confound the association between alcohol consumption and health outcomes. Using non-consumers as a reference group may overestimate the beneficial effects of alcohol. 40 On the other hand, in the meta-analysis of Di Castelnuovo et al., 41 there was still a protective effect of alcohol consumption in the general population after exclusion of former drinkers. We were unable to take into account former alcohol consumption in all cohorts, but by restricting the analyses to alcohol consumers, possible confounding by abstinence or former alcohol consumption could not influence our results.
The association between alcoholic beverage preference and diabetes may be partly driven by obesity: since adiposity is on one causal pathway between absolute alcohol consumption and diabetes, adjusting for BMI may lead to overadjustment bias. 42 Figure 4. Forest plot with pooled HRs and 95% CIs for the association between residuals of beer consumption per 6 g/day and diabetes incidence adjusted for absolute alcohol intake, age, sex, education, employment status, prevalent coronary heart disease and cancer, smoking status, physical activity (if available), Healthy Diet Indicator score (if available) and BMI. Figure 5 . Forest plot with pooled HRs and 95% CIs for the association between residuals of wine consumption per 6 g/day and diabetes incidence adjusted for absolute alcohol intake, age, sex, education, employment status, prevalent coronary heart disease and cancer, smoking status, physical activity (if available), Healthy Diet Indicator score (if available) and BMI.
However, after multiple adjustments, those with a spirit preference had the highest BMI and persons with a beer or wine preference had the lowest BMI. Because BMI is a strong risk factor for developing diabetes, the effect of moderate alcohol consumption might be strongest, in absolute terms, in those at higher risk. In our analysis, the association between spirit preference and diabetes incidence was higher among those with overweight or obese (BMI425 kg/m 2 ). In contrast, Beulens et al. 6 found that moderate alcohol consumption was more strongly related to a reduced diabetes risk in overweight men and women than in their normal weight counterparts. Moreover, in the French E3N-EPIC cohort, overweight women consuming two or more glasses of wine per day had a lower diabetes risk, whereas in normal weight women consuming the same amount, no association was observed. 33 We aimed to disentangle beverage-specific effects, independent of those from the absolute ethanol consumption, by studying the association between alcoholic beverage preference and type 2 diabetes incidence. Beverage preference was used to classify the study population according to their alcohol intake. This approach of studying preference rather than absolute intake can thus be considered as a qualitative approach. Independent from the biological mechanisms associated with the chemical composition of the beverages, beverage preference per se may not be directly associated with diabetes incidence. Therefore, we have additionally studied the residuals of beer, wine and spirit intake, fully adjusted for total alcohol consumption by the residual method; 28 these analyses yielded similar findings. The number of cases distributed by beverage preference differed across the cohorts and were in some cohorts quite low, which may have affected the statistical power of the analyses. Non-consumers were excluded from the analysis to prevent non-consumers and former (heavy) consumers to affect the results. As a result, these findings only apply to alcohol consumers.
The CHANCES project is a large-scale multi-national collaboration of cohort studies including a large number of elderly persons. Pooled analyses of the individual participant data from the different cohorts is a cost-efficient analytical approach and increases statistical power considerably. However, we had to rely on secondary data collected according to different study objectives and protocols, which may be a weakness. 15 With respect to type 2 diabetes incidence, the identification and verification of diabetes cases varied across the cohorts. The oral glucose tolerance test is considered the gold standard of diabetes ascertainment, but recently fasting glucose has been shown to be the most accurate method of diabetes diagnosis. 43 Most cohort studies relied on self-reports, linkage with registries, HbA 1c , or fasting blood glucose measures. As a result, misclassification could have been present and we might have underestimated the number of diabetes cases. However, only if this misclassification is differential and related to alcohol preference, would it have influenced the direction of the effect estimates, and yet our observed associations across cohorts were broadly consistent. Furthermore, it is difficult to distinguish between types 1 and 2 diabetes; therefore, some cohorts may not have been able to appropriately distinguish between the types. Moreover, this issue is not restricted to this study only. Diagnosing diabetes can be equivocal: the clinical diagnosis is based on a pre-specified cutoff point on a continuous scale of declining glycemic control, but clinical practice will dictate how assiduously the necessary tests are applied. Furthermore, the diagnosis is often based on the occurrence of complications of the disease and the disease can remain asymptomatic for years. Hence, it has been estimated that up to 50% of all type 2 diabetes patients are undiagnosed. 44 As a result, the true association may have been underestimated.
This meta-analysis of individual participant data from 10 cohorts among Europeans who reported at least some alcohol consumption showed that beer, wine and spirits were similarly associated with diabetes incidence. The recommendations of the American Diabetes Association for the prevention of diabetes suggest that if adults choose to drink alcohol, daily intake should be limited to a moderate amount, that is, no more than one drink per day for women and two drinks per day for men. 45 Our analysis offers little support for making beverage-specific recommendations for diabetes prevention.
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